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The properties of aluminium have been enhanced by addition of alloying elements like Cu, 
TiB2, Si, Mg, Zn, Li, and Ni etc. The prepared castings are evaluated using optical 
metallography, Image Analysis, and micro hardness testing. Morphological studies 
confirmed that Al-5%Ti -1%B master alloy refines the grain size of the prepared castings. 
For the hardness test the specimen is age hardened at 175°C for 8 hours. From the result the 
heat treated samples have much more hardness and strength compared to the as cast 
samples. In addition to that, AA6061 matrix alloy with and without TiB2 is also studied. 
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INTRODUCTION 
Aluminum alloys are used for 
manufacturing automotive parts such as 
pistons, pushrods, brake components, 
brake rotors for high speed trains, bicycles, 
golf clubs and also have applications in the 
areas of electronic substrates, cores for 
high voltage electrical cables.  AA6061 
alloy is widely used in industrial and 
military applications due to its significance 
in properties, for instances formability, 
resistant to corrosion, weldability etc. It is 
also used in the manufacture of aluminium 
cans for the packaging of foodstuffs and 
beverages. A6061 is used in SCUBA 
tanks. Grain size reduction improves 
strength of alloys and composites. The 
yield strength increases with the decrease 
of grain size [1]. If grain size decreases, 
hardness will also increase. Grain size can 
play a major role in controlling creep 
resistance. Fine grained material is 
stronger and harder than coarse grained 
since fine grained material has a greater 
total grain boundary area to impede 
dislocation motion. Thus by tailoring grain 
size and grain boundary, the mechanical 
properties of a material can be enhanced 
[2]. The objective of the present 
investigation is to fabricate AA6061 
matrix with and without TiB2 and evaluate 





6061 aluminum alloy is used in this study. 
6061 is a precipitation 
hardening aluminium alloy, 
containing magnesium and silicon as its 
major alloying elements. The chemical 
composition was checked by optical 
emission spectroscopy and the actual 
composition is given in table 1. In 
addition, Al-5%Ti -1%B master alloy is 
used as the grain refiner; it will give the 
good results with the matrix alloy. The 
addition of Al-5Ti-1B slightly reduced hot 
tears. The addition of Al-5Ti-1B did not 
lead to a reduction of hot tears because of 
large TiAl3 particles acting as stress risers 
during solidification. 
 
Table: 1. Chemical Composition of 6061 matrix Alloy 
Element Si Fe Cu Mn Mg Cr Ni Zn Ti Al 
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Fabrication of Al 6061 Alloy Castings 
with and without TiB2   
In order to evaluate the hardness, and to 
study the microstructures of Al-6061 alloy 
with or without TiB2 master alloy, casting 
specimen are prepared using gravity 
casting procedures. The mold required for 
getting the casting was given graphite 
coating & preheated using oven shown in 
fig. 1 to a of temperature of  200 
0
C to 
prevent the moisture. The Al-6061 alloy 
was charged into the crucible and melted 
using resistance coil furnace at the melt 
temperature of 720°C melt was skimmed 
off once. To remove the dissolved 
hydrogen from the melt degassing was 
done with Hexa-chloro ethane (C2Cl6) 
tablets at 725°C. Finally, to refine the 
grains in the casting Al-5%Ti-1%B (TiB2) 
master alloy was added and stirred with 
steel rod using hand and let the melt inside 
the furnace for 5 minutes to react the 
master alloy with the matrix alloy. When 
the temperature reaches at melting 
temperature 740°C, the melt was poured 
into the preheated mould. After 
solidification of the casting, the mould was 
opened and trimmed out the excess 
materials. Figure 1 shows the equipments 
and components used for this study.  
 
Materials used and their quantity 
The following materials were used for 
making the casting specimen 
a)  Al-6061 matrix alloy – 420 gm 
b)  Hexa chloro ethane (C2Cl6) (degasser) 
– 0.7% wt. 
c)  Al-20%Mg master alloy – 16 gm 
c)  Al-5%Ti-1%B (TiB2) master alloy – 
0.4% wt  
 
Temperatures maintained for the 
casting 
 Preheating temperature for mould – 
200°C 
 Preheating temperature for C2Cl6 – 
80°C 
 Adding temperature of C2Cl6 – 725° C 
 Pouring temperature- 740°C 
 
Photographs of Equipments Used and Castings Produced 
             
 
              a)  Mould                                             b) Optical Emission Spectrometer 
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          e) Optical microscopy                              f) Vickers Micro Hardness Testing Machine 
 
g) Specimen 
Fig: 1. Images of Equipments Used and Castings Produced 
 
RESULTS AND DISCUSSION 
Chemical Composition Analysis  
The compositions presents in the alloys/ in 
situ composites were identified using 
optical emission spectrometer and listed in 
the Table 2. In this table, the specimen (A) 
is after the addition of magnesium and the 




Table: 2. Chemical composition of prepared composites 
Specimen Si Fe Cu Mn Mg Cr Ni Zn Ti Al 
6061Al ingot (B) 0.83 0.15 0.26 0.09 0.65 0.15 0.01 0.04 0.02 97.0 
6061 Al (A) 0.8 0.13 0.25 0.09 1.3 0.14 0.01 0.03 0.024 97.07 
6061+TiB2 0.8 0.15 0.28 0.09 1.3 0.13 0.02 0.02 0.033 96.9 
 
Microstructure Characterization of 
Samples  
Optical microscope was used to examine 
the Microstructural features of the 
specimens. Keller’s etchant was used to 
etch the polished specimens to obtain the 
clear microstructure for grain boundary 
identification. Table 3 shows the content 
of Keller’s etchant. 
  
Table: 3. Keller’s etchant for Aluminium Alloys 
Etchant Conc. (ml) Conditions 
Keller’s Etch  
Distilled water  
Nitric acid  
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Al 6061 Alloy With and Without TiB2 
Using optical microscope the 
microstructures of Al 6061 alloy with and 
without Al-5Ti-1B (TiB2) as cast 
specimens are taken. Figure 2 shows the 
microstructure of Al 6061 alloys without 
TiB2 sample. By considering the Figure 2 
the grain size (which is given in table 4) is 
nearly 50-120µm. There are several 
methods to suppress the columnar grain 
growth in ingots and castings and to form 
equiaxed grain structure. Among all the 
techniques, grain refinement by 
inoculating agents has become more 
popular.
  
                                                                           
Fig: 2. Microstructure of Al 6061 Alloy without TiB2, A (etched)-20X, B (unetched)-50X 
 
Figure 3 shows the microstructure of 
sample of Al 6061 alloys with Al-5Ti-1B 
addition (0.4% wt.) to improve the grain 
refinement. It consists of TiB2 and TiAl3 
particles. When dissolved in molten 
metal/alloy, these particles are released. 
TiAl3 [3, 4] particles go into solution after 
contact with liquid aluminum [5]. The 
TiB2 particles are insoluble and act as 
good nucleating particles for aluminum 
grains and that had led to the grain 
refinement [6]. The interface between the 
nucleant and melt must be of higher 
energy than between the nucleant and the 
solid crystal [7]. By considering the 
Figures 3. The grain size of the grain 
boundary is reduced from 110µm to 25-60 
µm. The Figure 3.B shows the formation 
of α+ β laminated Mg2Si phases which 
also give the considerable amount of 
properties to the castings.
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Table: 4. Grain Size Values 
Sl. No Sample description 
Grain size (µm)  
As cast samples 
1 6061 alloy 50-120 
2 6061+ TiB2 28-60 
 
Micro Hardness Testing (Vickers 
hardness) 
The size, shape and distribution of phases, 
grain size all have a profound influence on 
the mechanical properties of metals. 
Precision microscopes are used to measure 
the indentations; these usually have a 
magnification of around X500 and 
measure to an accuracy of +0.5 
micrometers. Also with the same observer 
differences of +0.2 micrometers can 
usually be resolved. Vickers hardness test 
was conducted on the composite. Table 5 
gives the hardness values of composite 
samples in the heat treated condition 
(solution treated and age hardened) and the 
as cast condition. The samples are solution 
treated at 535C and aged at 175C for 8 
hours. The results show the formation of 
very fine precipitates and increase the 
strength/ hardness. The addition of master 
alloy Al-5Ti-1B had increased the 
hardness of Al 6061 and addition of master 
alloy to the melt releases fine intermetallic 
particles, which distributes uniformly in 
the melt and act as nucleating sites. These 
intermetallic particles (θ, θ1=CuAl2) are 
stable and aids in increasing the strength 
and hardness. 
  
Table: 5. Hardness Values of Samples 
Sl. No Sample description 
Vickers hardness values (HV) 
As cast condition Heat treated 
1. 1 6061 54 112 
2. 2 6061+ TiB2 68 118 
 
Therefore the hardness values obtained by 
micro hardness testing confirm that the 
addition of Al-5Ti-1B master alloy will 
improve the properties of the materials and 
increase the hardness value. The heat 
treatment process with solution treatment 
following age hardening also increases the 
hardness value than the as condition.  
 
CONCLUSION 
Aluminum without and with TiB2 was 
successfully fabricated by permanent mold 
gravity casting process. The alloy 
fabricated shows the grain boundary and 
the phase Mg2Si can be clearly seen with 
the help of etchant. The results confirm 
that the addition of 0.4% TiB2 (through 
master alloy addition) with the alloy 
reduces the grain size and increases the 
hardness values from 112Hv to118Hv in 
heat treated condition. The TiB2 acts as 
good grain refiner and increases the 
strength and hardness values. Age 
hardening for 175C for 8hr. after solution 
treatment improves the hardness value 
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